The study was conducted to investigate the iron (Fe) contamination in groundwater at Tangail municipality during the period from January to June 2011. Groundwater samples were collected from 18 locations, where 15 were tube-wells, 2 deep tubewells and 1 pump. The result of the study showed that the highest level of Fe (24.50 mg/l) was found at Dewla north, while the lowest level (1.03 mg/l) was recorded from Bepari para. The highest and lowest amount of Fe was found in ward 1 and 4, respectively. The results were compared with the Bangladesh drinking water quality standards as well as with the international standards. In Bangladesh, permissible limit of Fe is 0.3-1.0 mg/l, whereas WHO standard level is 0.3 mg/l. All the samples were exceeded the standard levels of Fe, whereas ward 1, 2 and 7 were worstly affected. The study also reveal that the availability of Fe does not depend on the type of water sources, but it depends on the aquifers or water table. If the aquifer contains Fe, then the tube-well water will contain Fe or vice versa. These higher Fe concentrations found in the study area may be harmful for those families who are consuming the water from these sources on regular basis. Thus, to overcome this problem the consumers should not drink these higher amounts of Fe, and they should find other sources or replace the tube-well or treat the water before drinking and other domestic and household purposes.
Introduction
Groundwater is an inevitable component of natural resources and plays an important role to serve as many purposes like drinking, irrigation, and other domestic usage (Azad, 2003) . Although trends on abstraction and use in each country are not available, globally groundwater is estimated to provide approximately 50% of current potable water supplies, 40% of the water demand of self-supplied industry and 20% of water use in irrigation. Pressures on groundwater resources over the next 25 years in Asia will come from demographic increases, agricultural practices and increasing water demand per capita, coupled with increased urban areas, industrial activity and energy demand (Gunatilaka, 2005) . Bangladesh has about 1.8 million hands tube-well for supplying drinking water from underground sources to meet the need of 124 million people (Sattar, 1996) . But at present, groundwater of Bangladesh is being contaminated widely by leaching of harmful materials and chemicals from anthropogenic sources, such as unwise application of pesticides and fertilizers, unscientific disposal of waste materials, etc. Heavy metals, most harmful among these chemicals, which are present trace in amount, but have significant effects on drinking water and causes harmful impacts on human health. About 80% of the diseases in developing countries are related to contaminated water and the resulting death toll is as much as 10 million per year (Anonymous, 2004) . Groundwater is contaminated by arsenic (As) in 61 districts of Bangladesh (Rukshana et al., 2002) . It is estimated that more than 20 million people drink water exceeding the national standard for arsenic levels (WARPO, 2000) .
The iron contamination in groundwater is one of the most discussed issues as groundwater is an important resource for livelihoods and food security of billions of people. Not only arsenic (As), but also iron (Fe) contamination in groundwater is now a vital problem in Bangladesh. Iron is the second most abundant metal in the earth's crust, of which it accounts for about 5%. Elemental Fe is rarely found in nature, as the Fe ions Fe +2 and Fe +3 readily combine with oxygen-and sulfur-containing compounds to form oxides, hydroxides, carbonates, and sulfides. It is most commonly found in nature in the form of its oxides (Elinder, 1986; Knepper, 1981) . Most Fe pollution originates from the disposal of waste water following the use of water for any of wide variety of purposes. Thus a large number of sources and causes can modify groundwater quality, ranging from septic tanks to irrigated agriculture (Anon, 1970; Bader, 1973; Ballentine, 1972; Meyer, 1973) . Mines can produce a variety of Fe pollution problem in groundwater (Barnes and Clarke, 1964; Emrich and Merritt, 1969; Mink, 1972) . Groundwater in Bangladesh, except in some places, is available at a shallow depth. Groundwater levels are at or near ground level during the period August to October and lowest in April to May. The concentration of Fe content in the water environment is about 0.27 ppm in spring and 0.67 ppm in summer season. In several areas of Bangladesh, groundwater withdrawals are causing a large Fe contamination in groundwater levels during dry season (Ahmed and Rahman, 2000) . As millions of people of Bangladesh rely on groundwater sources for their daily domestic and other purposes, the assessment of groundwater quality is one of the most important tasks. The results of such investigations can minimize different health related problems and can ensure a healthy life with safe drinking water sources. Considering these views, the study was conducted to investigate the Fe contamination in groundwater at Tangail municipality of Bangladesh.
Materials and Methods

Study area
The Tangail municipality was established in 1887, and consists of 18 wards and 63 mahallas with an area of 35.22 km 2 . There is a population of 128,785 of which male 66,856 and female 61,929. Density of population is 3650 per km 2 . Though pure water supply was the main objective of the municipality, well and Idara (traditional ring well) was the main sources of water supply in its establishment period. The municipality started water supply system through pipe line after the Pilot Project implemented by the Ministry of Public Health in 1969. At present, there are three overhead tanks (capacity of each 680,000 L), 82,300 hand tube-wells, 7 pump tube-wells (water uplifting power 95,000 L/hr) and 3 treatment plants in the municipality area (Banglapedia, 2008) .
Water sample collection
Water samples were collected from the following 18 places of the municipality out of 18 wards (Table 1) . Fifteen samples were collected from tube-well, while two and one sample were collected from deep tubewell and pump tube-well, respectively (Table 2 ). All the samples were collected in 250 ml plastic bottles with screw cap and well washed before collection to make sure that it is free from any undesirable materials and contaminations. The following processes were followed to wash the bottles, collect and preserve the samples: i) the bottles were washed thoroughly with tap water, then rinsed with distilled water and hydrochloric acid (HCl); ii) the bottles were putted in the oven and dried at 30°C for 2 hours; iii) the bottles were completely filled with sample water to the brim; iv) during the filling of sample water to bottles, they were maintained continuously till it was completely filled with sample water and thereby minimize air oxidation; v) then the bottles were tightly screwed and fixed up with cello tape; vi) from each sample, 50% was preserved by adding 2-3 ml of HCI (0.1M) to control the changing of chemical characteristics of water, then the samples were kept in the laboratory. Finally the samples were brought to Analytical Research Laboratory of the Bangladesh Council of Scientific and Industrial research (BCSIR), Dhaka, Bangladesh, to test the chemical parameters including metal (Fe); vii) all the samples were stored in dark place as far as possible during the sampling and transportation to the laboratory. The samples were preserved again with conc. Nitric acid (HNO 3 ) at the rate of 5ml in each 250 ml bottle (APHA, 1998). 
Results and Discussions
The odor and color indicated the purity of water. The pure water has no color and odor, and it is not turbid. The water was yellowish or slightly yellowish in few locations of the study area, while the water was odorless. The yellowish color of water generally indicated the presence of iron (Fe) in the water. Though odor is not a direct indicator of the presence of Fe in water, sometimes odorless water can contain higher amount of Fe. The concentrations of Fe in different locations of the study area were shown in Figure 1 . The highest amount (24.50 mg/l) of Fe was found in Dewla north, while the lowest amount (1.03 mg/l) was found in Bepari para (Fig. 1) . The higher amount of Fe concentrations, except the Dewla north, were also observed in Enayetpur (16.21 mg/l) and in Bagbari (19.19 mg/l), while comparatively lower concentrations were found in the other locations (Fig.  1) . The ward wise observed Fe concentrations were shown in the Figure 2 , where the highest and lowest amount of Fe was found in the ward 1 and 4, respectively. Nearly similar concentrations were also observed in the ward 2 and 7 (Fig. 2) . It is found from the study that all of the samples were exceeded the standard levels of Fe of World Health Organization (WHO), Indian and Bangladesh standard, i.e. the sources of water are not suitable for drinking and uses for other purposes. The sign * indicates that the standard level of iron in Bangladesh is ranged from 0.30 to 1.00 mg/l (Fig. 3) . Bangladesh Standard and Testing Institute (BSTI) and Indian standard level of Fe is 1.00 mg/l, while WHO standard level is 0.3 mg/l. That is, all of the ward's drinking water sources of Tangail municipality are more or less Fe affected, where the ward no. 1, 2, and 7 were worst affected (Fig. 3) . The study showed that the lower pH value in groundwater held Fe in higher concentrations, thus there was a strong negative relationship between the pH and Fe in groundwater (Fig. 4) . If the value of pH increases, then the concentration of Fe will decrease or vice versa. The study reveal that if the amount of Fe is high in the water, then the color of water is changed from white to reddish, and the trend line in Fig. 5 shows the positive correlation between the concentrations of Fe and color change with time. When the concentration of Fe increases, the color of water is gradually changed from white to yellowish to reddish. The cross tabulation of the concentrations of Fe and the type of data sources showed that two tube-wells were almost suitable for drinking purposes and others were not so (Table 3) . It means that the availability of Fe in the water does not depend on the type of water sources, but it depends on the aquifers or water table.
If the aquifer contains Fe, then the tube-well water will contain Fe. On the other hand, if the aquifer is free from Fe, the water also may be free from Fe contamination.
These higher amounts of Fe found in the study area may be harmful for the member of those families who are using these water sources for their daily drinking and domestic purposes. Thus, the inhabitants of the study area should not drink these higher amounts of Fe to overcome this problem, and should also find other sources or replace the tube-well or treat the water before drinking and other domestic and household purposes. In Bangladesh, groundwater withdrawals are causing a large Fe contamination in groundwater levels during dry season (Ahmed and Rahman, 2000) . As millions of people of Bangladesh rely on groundwater sources for their daily domestic and other purposes, the assessment of groundwater quality is one of the most important tasks. The results of such investigations can minimize different health related problems and can ensure a healthy life with safe drinking water sources. 
